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(54) Magnetic recording medium 

(57) A magnetic recording medium comprises a 
base film consisting essentially of an aromatic polyamide 
and a magnetic layer formed on at least one surface of 
the base film, wherein the base film has a tensile Young's 
modulus in al least one direction of not less than 700 



kg/mm 2 , a content of materials which are extractable 
with methylene chloride of not more than 0.5% and a di- 
mensional change in the longitudinal direction after ap- 
plying a load of 1 kg per 1 mm 2 at 100°C for 10 minutes 
of. not more than 2%. 
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Description 

The present invention relates to a magnetic recording medium, in particular, a magnetic recording medium having 
excellent durability and running property. 
5 Since aromatic polyamidc lilms have excellent heat resistance and mechanical properties, investigations have been 

made into their use in various fields of application. In particular, since para-oriented aromatic polyamides have mechan- 
ical properties, such as stiffness and strength, which are belter than those of other polymers! it has been proposed to 
use films thereof in. for example, printer ribbons, magnetic tapes and capacitors. They are drawing particular attention 
as materials appropriate for base films of small video tapes and tapes for the external memory of computers: For these 

to uses, for example, video tapes are more and more often used outdoors, so that magnetic tapes having excellent durability 
which can be safely used even if the tapes encounter large fluctuation of temperature are demanded. As for tapes for 
the external memory of computers, since they are often used under severe conditions such as at a high temperature 
and for repeated runnings, and since reliability is strongly demanded of them, a magnetic tape having excellent running 
property and durability is required. 

is An example of known magnetic recording media employing an aromatic polyamide film is described in 

JP-A-58-168655, in which a ferromagnetic layer is formed on an aromatic polyamide film which contains not less than 
50 mol% of para-aromatic amide units and has a tensile Young's modulus in at least one direction of not less than 500 
kg/mm 2 in order to promote dimensional stability against external force, and fluctuation of temperature and humidity. 
JP-A-62-1 12218 discloses a magnetic tape in which a magnetic layer is formed on an aromatic polyamide film having 

2p a thickness of 3 -.8 um ; a tensile Young's modulus in the longitudinal direction of not less than 1 300 kg/mm 2 , an edge 
tearing strength in all directions of not less than 1 kgf and a light transmittance at 600 nm of not less than 60%. in order 
to reduce jitter foldings and wrinkles in the tape. US-A-4645702 discloses a magnetic recording medium in which a 
magnetic layer is formed on an aromatic polyamide film having a density of 1 .400 - 1 .490 (g/cm 3 ) and a product of the 
coefficient of thermal expansion and heat shrinkage factor of 1 .0 x 10~ 4 to 1.0 x 10" 7 (mm/mm/ e )*(%)• in order to 

2S promote flatness after forming the magnetic layer. JP-B-55-9425 discloses a process for producing an aromatic polya- 
mide film having substituent groups introduced into the aromatic polyamide. having an inherent viscosity of not more 
than 0.55. and having a content of ionic inorganic compounds of not less than 1000 ppm. for the purpose of reducing 
curl and promoting the heat resistance of the aromatic polyamide film. The ionic inorganic compounds referred to therein 
are compounds derived from a lithium salt or calcium salt employed as a solubilizer. and sulfuric acid used as a solvent. 

30 However, since magnetic recording media recently have large capacities, are small and. thin, and are more and 

more often used under severe conditions such as at a high temperature, a magnetic recording medium having better 
running property and durability than are attained by the above-described known techniques is demanded. It is said the 
demand will be more and more severe. 

We have studied the factors which control running property and durability to discover that running property and 
durability can be promoted by taking control of the oozing of low molecular weight impurities such as oligomers contained 
in the film. 

The present invention seeks to overcome the above-mentioned problems and to provide a magnetic recording 
medium having excellent running property and durability even after use for a long time, exploiting the excellent heat 
resistance and high stiffness of aromatic polyamides. 

-w That is ; the present invention provides a magnetic recording medium comprising a base film consisting essentially 

of an aromatic polyamide and a magnetic layer formed on at least one surface of the base film, wherein the base film 
has. a content of materials which are extractabie with methylene chloride of not more than 0.5%. a tensile Young's 
modulus in at least one direction of not less. than 700 kg/mm 2 and a dimensional change in the longitudinal direction 
after applying a load of 1 kg per 1 mm 2 at 100°C for 10 minutes of not more than 2%. 

4 $ The aromatic polyamide used in the present invention preferably comprises units expressed by the formula (I) and/or 

(II) preferably in an amount of not less than 50 mol%. more preferably not less than 70 mol% 

Formula (I) 

(HN-Arj-NHCO-A^-CO) 

Formula (II) 



so 



55 



(HN-AI3-CO) 

wherein Ar,. Ar 2 and Ar 3 represent, for example. 
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so 
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(wherein X and Y represent, for example -O-. -CH 2 -. -CO-. -S0 2 -. -S-. -C(CH 3 ) 2 -). However, Ar J: Ar 2 and Ar 3 are not 
restricted to those described above. .Furthermore; in the aromatic polyamides mentioned above at least one and possibly 
more of the hydrogen atoms on the aromatic rings may each, independently of one another, be substituted with a halogen 
atom such as fluorine, chlorine or bromine (especially chlorine), nitro group: a C, _ 3 alkyl group such as methyl, ethyl or 
propyl (especially methyl): a C,_ 3 alkoxy group such as methoxy. ethoxy. propoxy or isopropoxy (especially methoxy): 
and/or at least a proportion of the hydrogen atoms in the amide bonds in the polymer may be substituted, for example, 
by C,_ 3 alkyl. C, _ 3 alkoxy or phenyl. 

The aromatic polyamide preferably contains para-aromatic amide units in an amount of not less than 50%. more 
preferably not less than 70% because then the stiffness and heat resistance of the film are good. To lower the moisture 
absorption, it is preferred that aromatic amide units in which' a proportion of the hydrogen atoms on the aromatic ring 
are substituted with halogen (especially chlorine) be contained in an amount of not less than 30% based on the total 
aromatic polyamide. 

It is more preferred lhat the aromatic polyamide contains a unit of the formula: 
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. ^HN-@HNHCO-(2^-CO-)- 
I i 

C I m C I n 

(wherein m and n independently represent zero or an integer of up to 4) in an amount of not less than 50 mol%. still 
more preferably not loss than 70 mol%. 

An aromatic polyamide which may be used in the present invention contains a repeating unit represented by the 
above-described formula (I) and/or formula (It) in an amount of not less than 50 mol%. The remaining less than 50 mol% 
may be other repeating units (such as aromatic polyimide) copolymerized or blended with the aromatic amide units. 
Further, additives such as electro-conductive particles, lubricants and antioxidants may be present in the aromatic 
polyamide in an amount not adversely affecting the physical properties of the film. 

It is desirable that the base film of the magnetic recording medium according to the present invention have a tensile 
Young's modulus in at least one direction of not less than 700 kg/mm 2 , preferably not less than 900 kg/mm 2 , still more 
preferably not less than 1200 kg/mm 2 in the absence of the magnetic layer(s) and any other layer such as a back coat 
layer. If the tensile Young's modulus is less than 700 kg/mm 2 , the stiffness of the magnetic tape is too small, so that 
desired output cannot be attained or the tape is deformed to an extent that the tape cannot be practically used. 

In a magnetic recording medium according to the present invention, the amount of the materials in the base film 
which are extractable with methylene chloride must be not more than 0.5%, preferably not more than 0.2%. still more 
preferably not more than 0.1%. If it is more than 0.5%. impurities such as oligomers emerge on the surface of the film 
from the inner part of the lilm. which make the running property and the durability of the magnetic tape bad It is thought 
lhat the running property and durability deteriorate because the impurities ooze out onto the surface of the magnetic 
layer or onto the surface opposite to the magnetic layer 

It should be noted, however, if the amount of the materials in the base film, which are extracted with methylene 
chloride, is more than 0. 1 ppm. a lubricating effect may bo obtained. Therefore, the amount of the methylene chlondc-ex- 
tractable materials in the base lilm is preferably not less than 0 1 ppm. still more preferably not less than 5 ppm 

In a magnetic rccoiding medium according to the pio'scnl invention, it is desirable that the dimensional change of 
the base film in the longitudinal direction after applying a load of 1 kg per 1 mm 2 at 100°C for 10 minutes bo not more 
than 2%. preferably not more than 1 5%. still more piofciably nol moic than 1.b% in the absence of the magnetic layer 
(s) and any other layer such as a back coal layei. In i espouse to "the doinandlor making the magnetic iccdrcling medium 
thin, the magnetic recording medium according to the piosonl invention may need to be capable ol use in the foim of a 
thin lilm Thus, then if the cfimcnsional change is mo»e than 2".. elongation arid shrinkage of the tape are caused by 
tension, so that recording-reproducing properties arc impaned 

Furthermore, because of the high dimensional stability mol moi c than 2%) of the base film, the dimensional change 
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of the lapc during Iho drying slop after forming the coi-ilmg Inyor is small Thus, the high dimensional stability is also 
advantageous in processing the film 

To give appropriate surface roughness so as loslabili/c the tunning properly and durability of the magnetic recording 
medium according to the present invention it is piefcrred to incorporate particles into the base lilm Examples of particles 

5 which may be added to the base lilm include inorganic particles such as particles of S0 2 . TiCU A\ 2 O y CaS0 4 BaS0 4 . 
CaCO 0 . carbon black, /eolile and metals: nnd organic particles such as silicone particles, polyimidc particles, 
cross-linked copolymer particles, cross-linked polyester particles and Teflon particles. In view of heat resistance, inor- 
ganic particles arc preferred The diameter of the particles may preferably be 0 01 - 1.0 M m 'Tioro preferably 0.05 - 0.5 
um because the electro-magnetic conversion property and running property are then good. The content of the particles 

to may preferably be 0 01 - 10 wt%. more preferably 0.1-5 wl% because the output properties and running property are 
then good. 

The center-line mean roughness (hereinafter referred to as "Ra") of at least one surface of the base film of the 
magnetic recording medium according to the present invention is preferably 0. 1 - 100 nm, more preferably 0.3-70 nm. 
still more preferably 0.5 - 50 nm. If Ra is more than 100 nm. output properties may be impaired. If Ra is less than 0.1 
'5 nm. running property and durability may be impaired. 

The center-line mean depth (hereinafter referred to as "Rp") of at least one surface of the base film is preferably 2 
- 500 nm. more preferably 3 - 300 nm, still more preferably 4 - 200 nm. If Rp is more than 500 nm, out put properties 
may be impaired. If Rp is less than 2 nm. running property and durability may be impaired. 

The ten-point mean roughness (hereinafter referred to as "Rz") of at least one surface of the base film is preferably 
-o 2 - 500 nm. [stiff preferably 3 - 300 nm. still more preferably 4 - 200 nm. If Rz is more than 500 nm, out put properties 
may be impaired. If Rz is less than 2 nm. running property and durability may be impaired. 

As long as the tensile Young's modulus of the base film in at least one direction is not less than 700 kg/mm 2 : the 
base film of the magnetic recording medium according to the present invention may be provided with a higher strength 
in the longitudinal direction, transverse direction or in an oblique direction. Usually., the base film is stretched in the 
longitudinal or transverse direction. Although the degree of strengthening is not restricted, in view of the properties such 
as elongation and tear resistance, it is practical that the tensile Young's modulus in the longitudinal direction E MD and 
the tensile Young's modulus in the transverse direction E TD satisfy the following relationship. 
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The thickness of the base film of the magnetic recording medium according to the present invention is preferably 
0.5-15 nm. more preferably 1 - 8 urn still more preferably 2 - 5 |im. because excellent running property and elec- 
tro-magnetic conversion property, which are achievable in a magnetic recording medium embodying the present inven- 
tion, may then be obtained. 

A base film of a magnetic recording medium embodying the present invention is preferably stretched so as to provide 
35 an elongation in at least one direction of not less than 10%. more preferably not less than 20%. still more preferably not 
less than 30% because the tape then has an appropriate flexibility. 

- The moisture absorption of a base film of a magnetic recording medium according to the present invention is pref- 
erably not more than 4%, more preferably not more than 3%. still more preferably not more than 2%, because then the 
dimensional change of the tape due to fluctuation of humidity is small so that good electro-magnetic conversion property 
■*o may be maintained. 

A magnetic recording medium embodying the present invention comprises the above-described base film and a 
magnetic layer formed on at least one surface of the base film. 

Methods for forming the magnetic layer include wet methods in which a magnetic coating composition prepared by 
mixing ferromagnetic powder with a binder is applied to the base film: and dry methods such as vapor-deposition method. 
-*s sputtering method and ion-plating method. Although the method for forming the magnetic layer is not restricted, a wet 
method will now be described as an example. 

The type of the magnetic power for forming the magnetic layer is not restricted and ferromagnetic powdei such as 
powder of ferric oxide, chromium oxide. Fe. Ba-Fe : Co. Fe-Co. Fe-Co-Ni. Co-Ni and Co-Cr may preferably be employed. 

The magnetic powder can be formulated into a magnetic coaling composition by mixing the powder with one or 
50 more of various binders. As the binder, thermosetting resin-based binders and radiant beam setting resin-based binders 
arc preferred. Dispersing agents, lubricants and anli-slalic agents may also be used. For example, a binder comprising 
vinyl chloride/vinyl acetate/vinyl alcohol copolymers, polyur ethane prepolymcrs and isocyanato may bo used 

In the magnetic recording medium according to the present invention, in order to further promote running properly, 
a back coat layer may be formed on the surface opposite to the surface on which the magnetic layer is formed 
55 A preferred process for producing the magnetic recording medium according to the present invention will now be 

described. It should be noted, however, that the process tor producing the magnetic recording medium is not restricted 
thereto 

In cases where the aromatic polyamide is prepared from an acid chloride and a diamine, the aromatic polyamide 
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is 
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may be synthesized by solution polymerization in an aprolic organic polar solvent such as N-moihylpyrrolidono (NMP). 
dimethylacetamide (DMAc) or dimethylformamide (DMF). or by interfacial polymerization in an aqueous medium If an 
acid chloride and a diamine are used as monomers, hydrogen chloride is produced as a side product. In cases where 
the generated hydrogen chloride is neutralized, an inorganic neutralizing agent such as calcium hydroxide, lithium hy- 
5 droxide. calcium caibonale or lithium carbonate: or an organic neutralizing agent such as ethylene oxide propylene 
oxide, ammonia, trielhylamine. tricthanolamine or diethanolamine may be used. The reaction between an isocyanate 
and a carboxylic acid may be carried out in an aprotic organic polar solvent in the presence of a catalyst. 

The polymer solution may be used as it is as the film-forming solution. Alternatively, the polymer is once separated 
from the solution and the polymer is dissolved again in the above-mentioned organic solvent or in an inorganic solvent 
to such as sulfuric acid to form a film-forming solution. 

To obtain the aromatic polyamide film according to the present invention, the inherent viscosity of the polymer (the 
value obtained by measuring the viscosity of the solution containing 0.5 g of the polymer in 100 ml of 98% sulfuric acid 
at 30° C) is preferably not less than 0.5. , 

To the film-forming solution, as a solubilizer. an inorganic acid such as calcium chloride, magnesium chloride, lithium 
chloride or lithium nitrate may be added. The concentration of the polymer in the film-forming solution is preferably about 
2 - 40% by weight. 

The particles may be added by well mixing the particles with a solvent to form a slurry and using the obtained slurry 
as a solvent for polymerization or for dilution: or the particles may be directly added to the film-forming solution after 
preparing the film-forming solution. 

The film-forming solution prepared as described above is subjected to the so called solution casting process so as 
to form a film. The solution casting process includes dry/wet process, dry process and wet process. Although the film 
may be formed by any of these methods, the dry/wet process will now be described as an example. 

In cases where the film is prepared by the dry/wet process, the film-forming solution is extruded through a die onto 
a support such as a drum or an endless belt made, for example, of nickel, stainless steel, copper, titanium, tantalum or 
"Hastelloy". a commercially available Ni-Mo alloy, which may contain other metal eiement(s), to form a thin film The 
thin film layer is then dried to evaporate the solvent until the thin film acquires a self-supporting property. The drying 
may be carried out at room temperature to 250°C for not more than 60 minutes, more preferably at room temperature 
to 200°C. If the drying temperature is higher than 250°C. voids may be formed and the surface may be roughened 
because of the rapid heating, so that a film which may be practically used as an industrial material and a magnetic 
30 material may not be obtained. 

The film after the above-mentioned dry process is peeled off from the support and subjected to a wet process in 
which the solvent and impurities contained in the film are removed. The bath is usually an aqueous bath which may 
contain, for example, an organic solvent or inorganic salt in addition to water. However the bath usually contains water 
in an amount of not less than 30%, more preferably not less than 50%, and the bath temperature is usually 0 - 100°C. 
os Furthermore, to decrease the impurities in the film, it is effective to raise the bath temperature to 50°C or higher, or to 
pass the film through a bath of an organic solvent in addition to the aqueous bath. As the organic solvent, halogcnaled 
hydrocarbons such as chloroform, methylene chloride, M Freon u : and other organic solvents such as alcohols, ketones 
and ethers may be employed. In the wet process, the film peeled off from the above-mentioned support is immersed 
under tension in the above-mentioned one or more baths, thereby extracting the impurities in the film to a content of not 
-*o .more than 0.5%, preferably not more than 0.2%, still more preferably not more than 0.1%. 

The film produced by the wet process is then stretched, dried and heat set to prepare a final film. 
The film is stretched during the film-forming process so as to attain the desired mechanical characteristics The 
area stretching ratio (the value obtained by dividing the area of the film after stretching by the area of the film before 
stretching, an area stretching ratio not more than 1 signifying relaxing) is preferably 0.8 - 5.0, more preferably 1 1 - 3.0. 
-*s By annealing the film after heat setting, dimensional change may be reduced. In this case, it is effective to anneal the 
film at a rate of not more than 100°C/second. 

Then a magnetic layer is coated on the film. Although the magnetic layer may be coated by any of the known-meth- 
ods, a method using a gravure roll is preferred in view of the uniformity of the coated layer. The drying tempciatuic after 
coating is preferably 80 - 150°C. A calender process may preferably be carried out at 25°C to 150°C. 
so Thereafter, to further promote the running property, a back coal layer may be formed on the surface of the b; ric him 

opposite to the magnetic layer by a known method. 

After curing the film coated with the magnetic layer, the film may be slit to obtain a magnetic recording milium 
embodying the present invention. The magnetic recording medium may be used, for example, as 8 mm tapes loi p« -i-.,onal 
or professional uses: as D-1,2.3 for broadcasting uses: and DOS-2. 3. 4 QIC and Dala-8mm for data-stor. u|.» -i^es- 
although the uses of the medium are not restricted thereto 

The methods for measuring and evaluating characteristics relating to the present invention will now be described 

(1) Tensile Young's Modulus. Elongation and Strength 
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Tensile Young's modulus, elongation and strength were measured in accordance with ASTM D882-81 using 
an instron type tensile tester. The width of the test sample was 10 mm. and the guage length was 100 mm. and the 
stretching rale was 300 mm/min. 

s (2) Dimensional Change 

Label lines are drawn on the film at intervals of 1 50 mm. The film is then sht to a width of 10 mm to obtain a 

test sample. The thickness of the test sample is measured with a micrometer and a weight is attached to the sample 

such that the load is 1 kg/mm 2 . Under these conditions, the sample is heated in an oven at 100°C for 10 minutes 

and the dimensional change is calculated according to the following equation. 

io I A - Bl 

Dimensional Change (%) = x 100 

(wherein A means the guage length before heating and B means the guage length after heating) 

(3) Amount of Materials Extracted with Methylene Chloride 
15 Minced film is supplied to a Soxhlet's extractor and purified methylene chloride is then added thereto. The 

mixture is then heated at the boiling point for 1 hour. The resultant is then transferred to a rotary evaporator and 
concentrated to a constant weight while adjusting the degree of vacuum, followed by measuring the weight of the 
residue. 

^0 (4) Surface Roughness 

The surface roughness was measured 5 times using a high precision film gap measuring instrument (ET-10) 
commercially available from Kosaka Kenkyujo and the surface roughness is expressed in terms of the average of 
the measured values. The radius of the tip of the stylus was 0.5 [im, the load of the touching pin was 5 mg. the cut 
off value was 0.08 mm and the measured length was 0.5 mm. 
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(5) Running Property 

A film having a coating layer thereon is slit to a width of 1/2 inch and the obtained tape is made to run contacting 
a guide pin (Ra: 100 nm) using a tape running tester (running speed: 100 m/min ; winding angle: 60°). Before the 
running test the tape is aged at 60°C and .80% RH for 48 hours. In the running test, the tape is made to run with 
the surface opposite to the magnetic layer in contact with the guide pin at 40°C, 80% RH. After 10 runs, the change 
in the dynamic frictionat coefficient was measured. Those tapes for which the change is not more than 10'\> are 
classified by the symbol '(g)\ those for which the change is more than 10% and not more than 15% are classified 
by the symbol "O", those for which the change is more than 1 5% and not more than 20% are classified by the symbol 
"± u . and those for which the change is more than 20% are classified by the symbol "X M . 



(6) Durability 

The running test as described above is carried out 100 times (100 mins) and the tape is observed after the lest. 
Those for which no deformation was observed at all are classified by the symbol "O w , those for which slight and 
sporadic deformations of the tape are observed are classified by the symbol "A", those for which large deformalion 
•to of the tape is observed in the entire tape are classified by the symbol "X". 

Embodiments of the present invention will now be described by way of Examples thereof. 

Example 1 

45 

A slurry of silica particles was prepared by dispersing dry silica particles having a primary particle diamclcr of 0 02 
fim so as to attain an average particle size of 0.2 um in N-methylpyrrolidone' (NMP). 

In a polymerization vessel, NMP and the above-described silica slurry were placed. In this mixture, as aiomatic 
diamine components, 85 mol%of 2-chloroparaphenylenediamine and 15 mol%of 4.4'-diaminodiphenyl ethci woic dis- 

so solved, and then 2-chloroterephthalic chloride in an amount of 99 mol% based on the aromatic diamine components 
was added, followed by stirring for 2 hours to complete the polymerization. Ninety seven mol% of the generated hyrliocjcn 
chloride was neutralized with lithium hydroxide and 7 mol% of diethanolamine was added to obtain a polymei solution. 
The content of the particles was 2% by weight biased on ihe aromatic polyamide. The polymer solution was .-id|tr<irxJ to 
attain a polymer concentration of 1 1 % by weight and a viscosity of 4000 poise at 30°C to obtain a film-formmq • .. -kit ion 

55 The I ilm -forming solution was defoamed under a reduced pressure of 100 Torr in a screw extruder and the solution 

was passed through a filter having a cut size of 5 um. The solution was then extruded through a die healed at 50 3 C 
onto a metal belt. The cast film on the metal belt was heated with hot air at 1 50°C for 2 minutes to evaporate the solvent 
and'the resulting film which acquired a self-supporting properly was continuously peeled off from the belt. The him was 
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then introduced into a water balh at 60°C having a concentration gradient of NMP to extract the remaining solvent and 
inorganic salts and the like produced by the neutralisation. The extraction lime was 5 minutes. The film- was then im- 
mersed in chloroform bath al 30°C for 2 minutes. In. these water and chloroform baths, the film was stretched in the 
longitudinal direction (MD) to a total stretching ratio of 1.1 limes the original length. 

The film was then introduced into a tenter and healed hi 280° C for 1 minute to cairy out drying and heat setting. 
During this healing, the film was stretched in the transverse direction (TD) at a stretching ratio of 1 .4 times the original 
lenglh. The Him was then annealed to 200°C at a rate of 30°C/second to obtain a film with a thickness of 4.5 fim, The 
characteristics of this film are shown in Table 1. 

A magnetic coating composition having the composition described below was prepared and coated on the surface 
which does hot contact the metal belt during the film-forming process with a gravure roll to a prescribed thickness, 
followed by curing and calendering. The thickness of the magnetic layer was 2 |.im. 



Magnetic powder (metal powder) 


80 parts 


by 


weight 


Vinyl chloride-based copolymer 


10 parts 


by 


weight 


Polyurethane 


10 parts 


by 


weight 


Curing agent 


5 parts 


by 


weight 


Polishing agent 


5 parts 


by 


weight 


Toluene 


100 parts 


by 


weight 


Methyl ethyl ketone 


100 parts 


by 


weight 



The resulting coated film was slit to obtain a magnetic tape. The running property and durability of this tape were 
evaluated and were excellent. The evaluations of the running property and durability of this magnetic tape are summa- 
rized in Table 1 . 

25 

Example 2 

Polymerization and neutralization were carried out in the same manner as in Example 1 except that 95 mol% of 
2-chioroparaphenylenediamme and 5 mol% of 4.4'-diammodiphenyl ether were used as the aromatic diamine compo- 
se? nents. The polymer concentration was adjusted to 9% by weight and the viscosity of the solution at 30*C was adjusted 
to 4000 poise to obtain a film-forming solution. 

In the same manner as in Example 1, the film-forming solution was cast on a metal belt and the solvent was evap- 
orated, followed by introducing the film into a water bath to extract the remaining solvent and inorganic salts and the 
like produced by the neutralization. The extraction time was 5 minutes. The film was then immersed in chloroform baths 
35 at 30°C for 1 minute. In these baths, the film was stretched in the longitudinal direction (MD) at a stretching ratio of 1 .4 
times the original length. 

The film was then introduced into a tenter and healed at 280°C for 1 minute to carry out drying and heat setting. 
During this heating, the film was stretched in the transverse direction at a stretching ratio of 1 .2 times the original length. 
The film was then annealed to 150°C at a rate of 50°C/second to obtain a film with a thickness of 4.5 jam. The charac- 
40 teristics of this film are shown in- Table 1. 

A magnetic layer having a thickness of 2 urn was formed in the same manner as in Example 1 and a back coat 
layer having a thickness of 0.5 \.im was formed on the surface opposite to the magnetic layer. The coating composition 
for forming the back coat layer was as follows. 



45 


Carbon black 


100 parts by weight 




Vinyl chloride-based copolymer 


20 parts by weight 




Polyurethane 


50 parts by weight 




Toluene 


200 parts by weight 


50 


Methyl ethyl ketone 


400 parts by weight 



The resulting coated lilm was slit to obtain a magnetic tape. The running property arid durability of this tape were 
evaluated and were excellent. The evaluations of the running property and durability of this magnetic tape are summa- 
ri/ed in Table T ... . . .. . 

55 

Example 3 

In this example, a metal evaporated tape was prepared using a polymer having the same structure as in Example 
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1 In ihc solution of the aromatic diamine in NMP. spherical silica prirliclos having a diameter of 50 nm wore dispersed 
to a content of 0.5°« by weight based on the polymer To this mixture, 2-chlorotoiephthalic chloride whs added as in 
Example 1 to complete the polymerization, and then the neutralization was carried out. The polymer concentration was 
adjusted to I \ "\> by weight and the viscosity of the solution at 30°C was adjusted to 5000 poise. 

The thus obtained Itlm-foiming solution was passed through a lilter having a cut size of 1 um and extruded through 
a die onto a metal bell. After heating the cast film with hot air having a temperature of 180°C for 50 seconds to evaporate 
the solvent, the film was then continuously peeled off from the belt, and introduced into a water bath at 40°C. The 
immersion time was 3 minutes. The lilm was then immersed in a methylene chloride bath at 30°C for 2 minutes. In these 
baths ; the film was stretched in the longitudinal direction (MD) at a stretching ratio of 1.2 times the original length. 

The film was then introduced into a tenter and heated at 300°C for 1 minute to carry out drying and heat setting. 
During this heating, the film was stretched in the transverse direction (TD) at a stretching ratio of 1.3 times the original 
length. The film was then annealed to 1 50°C at a rate of 50°C/second to obtain a film with a thickness of 3.5 jim. The 
characteristics of this film are shown in Table 1. 

The film was then mounted in a vacuum chamber and treated with glow discharge under argon atmosphere at 1 0" 2 
Torr. The vacuum chamber was then evacuated to 10" s Torr and the film was made to run along a drum at 20°C. While 
running the tape. Co-Ni alloy (Co: 80 wt%. Ni: 20 wt%) was heated with an electron beam to form a magnetic layer 
having a thickness of 1 50 nm on the film. A back coat layer was then formed as in Example 2 to obtain a magnetic tape. 

The resulting coated film was slit to obtain a magnetic tape. The running property and durability of this tape were 
evaluated and were excellent. The characteristics of the film and evaluations of the running property and durability of 
this magnetic tape are shown in Table 1 . 

Example 4 

Using the film-forming solution prepared in Example 3. a film having a thickness of 3.5 jam was prepared. The film 
was prepared in the same manner as in Example 3 except that a "Freon n (a commercially available polyhalogenated 
hydrocarbon) bath at 20°C was used in place of the methylene chloride bath and the immersion time therein was 1 
minute. On this film, a magnetic layer and a back coat layer were formed as in Example 3. The running property and 
durability of the obtained magnetic tape were evaluated and were excellent. The characteristics of the film and evalua- 
tions of the running property and durability of this magnetic tape are shown in Table 1 . 

Example 5 

A film having a thickness of 4.5 urn was prepared in the same manner as in Example 1. except that a methanol 
bath at 10°C was employed in place of the chloroform bath at 30°C. immersion time therein was 60 seconds, and that 
the stretching ratios in MD and TD were 1 .2 times and 1 .3 times the original length, respectively. A magnetic layer and 
a back coat layer were formed in the same manner as in Example 2. The running property and durability of the obtained 
magnetic tape were evaluated and were excellent. The characteristics of the film and evaluations of the running property 
and durability of this magnetic tape are shown in Table 1 . 

Example 6 

A film having a thickness of 4.5 jam was prepared in the same manner as in Example 1. except that a methanol 
bath at 10°C was employed in place of the chloroform bath at 30°C. immersion time therein was 30 seconds, and that 
the stretching ratios in MD and TD were 1 .2 times and 1 3 times the original length, respectively. A magnetic layer and 
a back coat layer were formed in the same manner as in Example 2. The. running property and durability of the obtained 
magnetic tape were evaluated and were satisfactory. The characteristics of the film and evaluations of the running 
properly and durability of this magnetic tape are shown in Table 1 . 

Example 7 

A film having a thickness of 2 3 urn whs prepared in the same manner as in Example' 1. except that the lilm was 
immersed in a water bath at 60°C having a gradient of concentration of NMP for 15 minutes and then in a chloroform 
balhal.30°C for 10 minutes, and that the sir etching ratios in MDand TD were 1 2 times and 1.3 times the original length, 
respectively A magnetic layer and a back coal layer were formed on this film in the same manner as in Example 2 The 
running properly and durability of the obtained magnetic tape were evaluated and were satisfactory. The characteristics 
of the lilm and evaluations of the running properly and durability of this magnetic tape are shown in Table 1 
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Example 8 

In this Example a metallized tape was prepared using a polymer having the same structure as in Example 1 In the 
solutionof the aromatic diamine in NMP spherical silica particles having a diameter of 10 nm wore dispersed to a content 
of 0.01% by weight based on the polymer. To this mixture. 2-chlorotcrcphthalic chlondc was added as in Example 1 to 
complete the polymerization, and then the neutralization was carried out. The polymer concentration was adjusted to 
11% by weight and the viscosity of the solution at 30°C was adjusted to 4200 poise. 

A film having a thickness of 4.5 urn was prepared in the same manner as in Example 1 except that a liltcr having 
a cut size of 1 urn was used in place of the filter having a cut size of 5 nm. and that the stretching ratios in MD and TD 
were 1.2 times and 1.3 times the original length, respectively. A magnetic layer and a. back coat layer were formed on 
this film in the same manner as in Example 2. The running property and durability of the obtained magnetic tape were 
evaluated and were satisfactory. The characteristics of the film and evaluations of the running property and durability of 
this magnetic tape are shown in Table 1 . 

Example 9 

A film having a thickness of 4.5 Mm was prepared in the same manner as in Example 1 . except that the stretching 
ratios in both MD and TD were 1.0 times the original length. A magnetic layer and a back coat layer.were formed on 
this film in the same manner as in Example 2. The running property and durability of the obtained magnetic tape were 
evaluated and were good. The characteristics of the film and evaluations of the running properly and durability of this 
magnetic tape are shown in Table 1. 

Example 10 

A film having a thickness of 7.5 j.im was prepared in the same manner as in Example 1. except that the stretching 
ratios in MD and TD were 1.2 times and 1.3 the original length, respectively. A magnetic layer and a back coat layer 
were formed on this film in the same manner as in Example 2. The running property and durability of the obtained 
magnetic tape were evaluated and were excellent. The characteristics of the film and evaluations of the running propcily 
and durability of this magnetic tape are shown in Table 1 

Comparative Example 1 

Using the same film-forming solution as in Example 1. a film was formed employing the same dry jDroccss as in 
Exampte 1 . In the wet process, however, the film was immersed in a water bath at 0°C for 1 minute and the chloioform 
bath was not used. As shown in Table 1. the amount of the materials extracted with methylene chloride is large The 
running property and durability were evaluated and found to be bad. The film characteristics and evaluations of i mining 
property and durability are shown in Table 1 . 

Comparative Example 2 

A film having a thickness of 4.5 urn was prepared as in Example 1 except that the film was not immersed in the 
water bath having a gradient of NMP concentration but immersed only in the chloroform bath at 30°C for 30 seconds, 
and that the stretching ratios in MD and TD were 1 2 times and 1.3 the original length, respectively. A magnetic layer 
and a back coat layer were formed on this film in the same manner as in Example 2. The running property and dm. ibilily 
of the obtained magnetic tape were evaluated and found to be bad. The film characteristics and evaluations ol running 
property and durability are shown in Table 1 . 

Comparative Example 3 

A film having a thickness of 4.5 um was prepared as in Example 1 except that the heat set temperature in II io i»»nioi 
was 200°C and the annealing in the tenter was not carried out A magnetic layer- and a back coat layer were fount *d on 
this film in the same manner as in Example 2 The running property and durability of the obtained magnetic l.ipo wmo 
evaluated and found to be bad The lilm character isIicls and evaluations of running proper ly and cluiabihly an? ••»». ; \vn in 
Table 1. 

Comparative Example 4 

A film having a thickness of 4 5 [\tr\ was prepared as in Example 1 except that 2 chloropaiapheny!onocliainini: was 
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used as Ihc aromatic diamine component. 99 mol"i, of isophthalic chloride whs used as the acid component .-md that 
the stretching ratios in MD and TD were 1 2 times and 1.3 tunes the original length, respectively. The tensile Young's 
modulus 61 this film was. at maximum. 650 kg/mm 2 in MD. 600 kg/mm- in TD and 660 kg/mm- in the direction shifted 
clockwise from MD by 30°. A magnetic layer and a back coal layer were formed on this Mm in the same mannci as in 
Example 2. The running property and durability of the obtained magnetic tape were evaluated and found lo be bad The 
film characteristics and evaluations of running property and durability arc shown in Table 1 . 

Comparative Example 5 

In a polymerization vessel. NMP and the silica slurry as used in Example 1 were placed, in this mixture, as aromatic 
diamine component, 100 mol% of 4 : 4'-diaminodiphenyl ether was dissolved, and then pyromellitic dianhydride in an 
amount of 99 mol% based on the aromatic diamine component was added, followed by stirring for 2 hours to complete 
the polymerization thereby obtaining a polymer solution. The content of the particles was 2% by weight based on the 
aromatic polyimide. The polymer solution was adjusted to attain a polymer concentration of 1 5% by weight and a viscosity 
of 4000 poise at 30° C to obtain a film-forming solution. 

The film-forming solution was defoamed under a reduced pressure of 100 Torr in a screw extruder and the solution 
was passed through a filter having a cut size of 5 u.m. The solution was then extruded through a die heated at 50°C 
onto a metal belt. The cast film on the metal belt was heated with hot air at 1 50°C for 2 minutes to evaporate the solvent 
and the resulting film which acquired a self-supporting property was continuously peeled off from the belt. The thus 
obtained self-supporting film was then introduced into a tenter and healed at 350° C for 1 minute to cany out evaporation 
of the -remaining solvent and heat setting. During this heating, the film was stretched in MD at a stretching ratio of 1 2 
times the original length and in TD at a stretching ratio of 1.3 times the original length. The film was then annealed to 
200°C at a rate of 30°C/second to obtain a film with a thickness of 12.0 nm. The tensile Young's modulus of this film 
was, at maximum, 310 kg/mm2 j n MD, 320 kg/mm2 in TD. and 340 kg/mm 2 in the direction shifted clockwise from MD 
by 30°. A magnetic layer and a back coat layer were formed on this film in the same manner as in Example 2. The 
running property and durability of the obtained magnetic tape were evaluated and found to be bad. The film character- 
istics and evaluations of running property and durability are shown in Table 1. 



30 



35 



40 



45 



50 



55 



10 



EP 0 702 361 A1 



5 




Modulus 
mm" ) 


a 

E- 


o 
o 

LO 


o 
o 

CN 


o 

LO 


o 

lO 
rr 


o 
o 

' o 


o 

CN 


o 

LO 
"^T 


JP 
vr 


o 

LO 
OO 


o 

CP, 
(O 


o 

LO 

LO 


O 


o 

CP 


o 
o 

LO 


O 
CN 
CO 






\ 

W CP 


































to 




— 

CP — 

c 

o 
>» 


Q 


O 

o 

r-H 

r-H 


O 

o 

00 

f— 1 


o 

LO 
r-H 


O 

LO 

-^r 

r-H 


o 
o 

r-H 

r-H 


o 

LO 
r-H 


O 
00 

r-H 


O 
CO 

r-H 


a 

CN 
CT\ 


o 
o 

r-H 


o 
o 

r-H 
r-H 


O 
CO 

r-H 


o 

LO 


o 

lO 
LO 


o 

r-H 

CO 


15 




r— 4 

rd — 

rH 


Q 


CN 
O 


LO 

o 


■ co 
o 


CO 

o 


CO 

o 


O ' 


lO 

o 


o 


. r-H 


o 


CN 

o 


o 


CN 

r-H 


LO 
CN 


CN 
O 


) 




C/3 0) 

C CP 
0) c 
£ m 


a 
rs 


o 


r-H 

o 


CO 

o 


CO 

o 


en 
o 


o 


LO 

o 


lO 
O 


r-H 


CO 

o 


o 

l-H 


LO 

o 


CO 
CN 


r- 

CN 


CN 
O 






e 

N C 


LQ 
lO 


CO 
t-O 


GO 


o 

r-H 


o 
lo 


LO 
LO 


00 


lO 

CN 


lO 
lO 


o 

LO 


o 

LO 


o 

LO 


LO 

lO 


O 

in 


LO 
LO 


25 




e" 

as — 


r-H 


LO 




CP. 


lO 


lO 


r- 

CO 


i — i 


CN 
■^r 


CO 
♦^r 




LO 

<?r 


r-H 


OO 
CO 


o 

lO 






i 


e 

ra c 






r-H 




OO 


OO 


LO 


LO 

o 


C- 


oc 


r- 


CP 


CO 


LO 


c 

r-H 


30 










































































35 




O 0)rH 

4JU-H 
C CO in 
Z3 >h CD 
O 4-> '-U> 


CN 

o 
o 


LO 

o 
o 


r-H 
O 

o 
o 


r-H 

a 


GO 

r-H 

o 


o 


►J 
HH 
rZ 


CN 

o 


CN 

^} ' 

O 


r-H 

o 


o 


CO 

o 


/ — \ 
o 


CO 

o 


CN 
r-H 


40 






cn 
en 
































45 




r-H 
-rH 


u cr 
n 

E- 


lO 
*r 


LO 


LO 

ro 


lO 

m 


lO 


UP 


CO 
CN 


LO 


LO 

t 


cO 


lO 


lO 


CO 


LO 


CN 
r-H • 


50 


t—i 

CD 
H 

J3 
co 
E- 




r-H 

CD 
r-H 

a 
e 
to 

X 
W 


CN 

CD 

a 
e 

CO 

x 


co 

CD 

r-H 

CL 

a 

03 
X 


CD 

r-H 

a 

E 
03 
X 
CJ 


UP 
CD 

a, 

E 

03 
X 
CrJ 


vo 

CD 
. — 1 

a 

E 

03 
X 
Cd 


C^ 
U 

r-H 

a 

s= 
03 
X 

cu 


»x> 
CD 

r— \ 

a 

E 

03 
X 


CP. 

o 

r-H 

a 

£ 

03 

X 


o 

1 — 1 
CD 

a 

E 
03 
X 


<D 
> 

•rH r-H 
03 CD 

iH r-H 

03 a, 
as 
e co 

O X 
CJCJ 


CD 
> 

•H CN 
4J 

03 CD 
Jh <-H 
03 CL 

ae 
e co 

O X 
CJCJ 


Q) 
> 

•rHCO 

03 CD 
Jh«-H 

oj a 

CLE 
E 03 
O X 

CJtU 


> 

•rH 

03 CD 

rH r-H 

(0 a 
as 

E 03 

O X 
UCxJ 


O 
> 

-r-H LO 

03 CD 

co a 
as 

£ co 
O X 



1 1 



EP 0 702 361 A1 



5 




Durability 


O 


O 


O 


O 


O 


o 


<1 


O 


<] 


O 


X 


X 


X 


X 


X 


10 
IS 




Running 
Property 


© 


© 


© 


© 


O 


< 


o 


< 


O 


© 


X 


X 


X 


X 


X 






































20 




moisture 
absorption 


rH 


CM 
i— 1 


rH 


u0 

rH 


md 

rH 


md 

rH 


i— < 


UO 
r-H 


CO 
< — 1 


MD 


»-n 

rH 


rH 

CM 


LO 
CM 


00 
CM 


UD 
CM 


25 




:ion (%) 


TD 


co 


CO 


i— t 


t— i 
*T 


CM 


CO 
CO 




r-H 


CO 

• UO 


CO 


CO 


OO 
CO 




LO 

r- 


O 

r- 






































30 




Elongat 


MD * 


o 

lO 


lO 
CO 


o 


' CO 


CO 


C\ 
CO 




o 


lO 
lO 


CM 


CM 

un 


CPi 
CO 


o 

iO 


lO 

r- 


LO 

r- 


35 




JZ 


■i 

TD 


o 
r- 


lO 
uO 


CO 

md 


CO 


0 s . 

VjO' 


O 
MD 


vo 


CO 
MD 


t.O 
CO 


i — t 

MD 


CTk 
MD 


CO 
lO 


r— ♦ 


CO . 


CM 


40 




cn 




































nued) 


Strer 


Q 


CM 
ID 


CM 

r- 


MD 


CO 
MD 


rH 

00 


«—» 

MD 


MD 
MD 


MD 


CO 


rH 

MD 


o 
cn 


cn 

LO 


CO 




O 

CO 


45 
SO 


Table 1 (conti 




Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 6 


Example 7 


Example 8 


Example 9 


Example 10 


Comparative 
Example 1 


Comparative 
Example 2 


Comparat i ve 
Example 3 


Comparative 
Example 4 


Comparative 
Example 5 



ss Claims 



A magnetic recording medium comprising a base film consisting essentially of an aromatic polyamtde and a magnetic 
layer formed on at least one surface of the base lilm. wherein the base film has a content of materials which are 
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cxtractablc with methylene chlondc ol not more ll inn 0 5".,. a (ensile Young's modulus in at least one di/cction ol 
not less than 700 kg/mm 2 , and a dimensional change in Ihe longitudinal direction after applying a load of 1 kg per 
1 mm 2 Hi 100°C for 10 minutes ol not moio than 2".. 

A magnetic recording medium Mccoiding lo claim 1 wherein the content ol materials which are cxtractable with 
methylene chloride is not less than 0 1 ppm 

A magnetic recording medium according lo claim 1 or 2. wherein at least one surface of said base film has a 
center-line mean depth of 2 - 500 nm. a center-line mean roughness of 0. 1 - 1 00 nm : and a ten-point mean roughness 
of 2 - 500 nm. 
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